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VACXZINE PREPARATIONS 

5 Fldd of the Inventioa 

This invention relates to vacdnc preparations, and in one particular 
embodiment it relates to vaccdne preparations of the ^pc wbidx are variously 
described as controUed- or delayed-release vacdnes, pulsatUe or pulsed-release 
vaccines and ^^^^^^m::'Tbs preparations of the present invention are 
10 relevant for use as human and veterinary vacdnes, and are provided in the fonn of 
j^iiiR #udi can be subsequently incorporated into a liquid suspension or in 
a solid pcUet or implant for administration. Typically, administration of the vacdne 
preparation of the present invention in die form of a liquid suspension is by 
parenteral administration, for example by subcutaneous or intramuscular mjection. 

15 

Background to the Inventioa 

Delivery of a full course of vacdnc in a single dose has held attraction in bofli 
human and veterinary medicine and a number of patents and other publications (e^g. 
U.K. Patent No. 1^67^03) have addressed diis possibility. For veterinary 
20 applications, the advantages indude: 

(i) reduced time • animals need be handled only once, 

(ii) reduced cost • sin^e veterinary visit and reduced handling costs, 

(iii) guaranteed compliance with recommended dose schedule (number of doses, 
time interval between doses). 

25 

In human medicine, the above three advantages are also important with 
compliance being extremely important in developing cotmtries where repeated access 
to infants is often not possible. In addition, the pain and suffering assodated with 
vaccination, espedally of infants, is an additional reason to favour a single-dose 
30 vacdne in human medidne. 
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Early studies of vacdnation usuig inactivated vaccines (generally tetanus or 
diphtheria taxDidsX have demonstrated the importance of two or more discrete doses 
of vaccine wid. an interval of at least 4 ^ and preferably longer, bet^en doses 
A thffd dose is sometimes necessary to induce an adequate immune response 

Recent studies in theoretical immunology have supported these findings and 
>»*«><J«c«J*ephrase-affinitymaturatio^ 
10 ^<««^PiasmacelIssecretinghighaffinityanuTx>diestotbedesiredimmuno^^^ 

preferentiaDyselectedv^plasmacellssecretingantibodyof lower affinityare 
■ae process involves competition between follicular dendritic cells and plasma cells 
for antigen binding and thus can only occur effectively in the presence of limiting 
amounts of antigen. The process of affinity maturation may not commence until 2 
15 3 'R after a primary vaccine dose and it is imponant that the second dose of 
aimgen not be given until the prooss is effectively complete. Tins is readily 
achievabfe in a maltidose vacdnation sdiedule provided the 
contain too mudt antigen. However, for tiusp^cess to be adueved in a single dose 
'^<^'^-«Ie«evacdne,itisimportamthattiiesecoxu!andsubsequentdos« 
.0 release their antigen payioad prematurely. To adueve tins, die antigen must be 
contamed within a matrix wfaidi has a defined time of degradation. This ma«x 
should be biodegradable, although biocompatible mari«s have been proposed as 
acceptable. A number of options have been reviewed by Qa & Cbulter, 1992. 

5 The major effort to develop delayed rdease vacdnes has centred nmnd the 

snKliesofEldridgec*at, 1990; 1991, who used the biodegradable copolj^ier - 
polylactide cogtycolide to produce antigen^ntaining mfcrospheres and observed a 
ddaycd-rdease of the antigen contents in vA« (see also Australian Patent 
Spedficarions Nos. 79929/87 and 33433/89). Similar observations have been 
reported by Kreuter, 1990 usmg nanopartides produced ftom acrylate polymers 

Although die above woriceis were able to show tim the concept of deho«Hdease 
vaccme, was possible, die process they used in the prepanition of the vacd^ 
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sufFered from a number of deficiencies making it unsuitable for the routine 
manufacture of a vacdne. The major problems were: 

(i) exposure of biological materials to ^^^g^^^ and physical 
conditions, and 
5 (ii) difBculty of?^^^ap^^ 

(iii) lo^effiaencyofincoiporaiionof^^|^|^^(e.g.p„t^) 

In European patent publication No. 0486959, in the name of Vectoipharma 
Intemational SpA, there are «Iisdosedconn^lied release, particulate pharmaceutical 
10 compositions containing pharmacologicaUy active substances, the compositions 
comprising a biodegradable polymer such as polyiactic acid, polygljwrfic add and 
copolymers thereof and/or other polymers induding a polysacdiaride gellifying 
and/or bioadhesive polymer, an amphiphilic polymer, an agent modifying the 
interface properties of the paxtides and the pharmacologically active substance. In 

15 the preparation of the pharmaceutical composition, the polymeric substituents are 
co^olubilised with the agent modifying die interface properties eidiermt^^ 
of any solvent or in the minimmn necesiaiy amount of solvent, and the 
pharmacologically active substances then dissolved or dispersed in the polymer 
prior to fbxmarionofUiefinalpar^ 
20 ^^^^m^^.0^mma^U^M)k^ described, this tedmique 

suffers from a major disadvantage in that the phannacologically acthre substance is 
direcUy exposed to the nmaure of polymeric compounds together widi any sohrents 
therein, whidi results in the denaturing of biological materials used as die 
ph a rm a co logically active substance. 
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It is a prindpal object of the present invention to provide a vacdne 
preparation and method for the production diereof wherein the umnunogenic 

material i^^lK^^^^at^i^CS^tor other organicphasewhenm 
fiwm, so as to ensure diat there are no confbrmational dianges in the immmiogen, 
m other words to maintam die native structure of die immunogen. 
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Summaiy of the Invention 

In accordance with a first aspert of the present invention, there is provided 
an inimediate^dease vaccine pr^adMins^^^^ 
inununogen adsorbed to an^^^^S^ll^^^^^tP - 

In accordance with this aspect of the invention, there is also provided a 
method for the production of an inunediate-release vaccine preparation in stable, 
particulate form as described above, which comprises xhc steps of forming an' 
aqueous suspension of aluminium salt-adsorbed immunoeen ands- 



Freeze-drying or lyophilisation of similar preparations has been described by 
Csizer et al. (US Pat 4578270). TTus process has a number of shortcomings, most 
importandy die need to add large amounts of botii dearan and protein so diat 

15 partial retention of die aluminmm gel structure can be achieved (40 and 6-4 mg/ml 
respectively). ITus large addition of protein can act to displace vaccine antigens 
from die ahmiinium gel and in addition would, in most cases, be immunogenic and 
as a result tend to swamp die immune response to die vaccine antigen. Odier 
problems associated widi lyophilisation are diat it is less amenable to large-scale 

20 production, equipment costs are significandy higher and die resultam product tends 
to form flakes ratiier dian free-flowing microgranules. 

Surprisingly, die gel-fbrming nature of aluminhun gels is completely retained 
during spraj^diying even in die absence of any odier materials (apart from minimal 
quantities of vaccine antigen, typicaUy 1 to 10 wg/ml) which could exert a stabilising 
effect Addition of water to die spra)rdried powder results in die instant formation 
of a typical gel, widi sedimentation properties simUar to die starting material 
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In accordance widi a second aspect of die present invention, diere is provided 
a controlled or delayed-release vaccine preparation in stable particulate form, said 
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partides being microspherical particles comprising a continuous matrix of 
biodegradable polymer containing discrete, immunogen-containing regions. 

In this aspect, the invention also provides a method for the production of a 
5 controlled- or delayed-release vaccine preparation in stable, particulate fonn as 
described above, vvhich comprises the steps of forming an emulsion of an aqueous 
suspension comprising the immunogen and optionally an adjuvant in a continuous 
organic phase havingsaid biodegradable polymer dissolved therein, and subsequemly 
^-.P^^^te^'^^va^Wil^liiaic^ 

10 comprise a continuous matrix of polymer containing discrete, immunogen-containing 
regions. 
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In an alternative method, these microspherical partides are produced by 

an immediate-release vaccine preparation in stable particulate form as broadly 
described above, and optionally an adjuvant in a continuous organic phase having 
said biodegradable polymer dissohred tiierein, to form said microspherical partides 
comprising a continuous matrix of polymer containing discrete, immunogen- 
containing regions. 



These two processes confer major advantages over metiiods described 
previously, eg. Sdridge et aL 1991, O'Hagan et al. 1991, Singh et al. 1991 and 
Bodmeier & Cheng 1988. In the processes of Hdridge 1991 and Bodmder & 
Chen 1988, p«||i^^p^»jd^;p^pp||ij^4^ Qr|ipR«oli^iits..i^^ Ui^^^r^ 

25 the Fl^i -As a result, antigens are denatured and, because most antigens are water- 
soluble, poor efBdendes of incorporation result. OH^an et aL 1991 and Sm^ et 
aL 1991 devised complex processes to try to overcome these defidendes. Neither 
process was amenable to commercial scale, and in addition die f onner showed poor 
efBdency of incoiporation whilst die latter necessitated injection of large quantities 

30 of foreign proteins. 
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Finally, none of these methods is inherently suited to the simultaneous 
incoiporation of adjuvant, 

Both the intennediate-reJease vaccine preparation of this invention and the 
5 controUed- or delayed release vaccine preparation are in the fonn of microspherical 
^T^^^&^'m^ °««W»W&ore preferably in the range 

The vacdne preparations in stable particulate fonn may be made up into 
10 vaccine compositions for administration by combining at least one immediaterelease 
vaccine preparation and/or at least one controlled- or delayed-releasc vacdne 
preparation with a earner or diluent acceptable for pharmaceutical or veterinary use. 
Suitable carriers or dihients for use in die preparation of vacdne compositions for 
parenteral administration are weU known in the art. Alternatively, the vacdne 

15 "^position may be pnxhiced in the form of a soUdpeUet or implant iwth known 
carrier materials. 

Doailed Description of the Invention. 

Inaccordancewiththepresentinvention,immunogen-containinginicrDspheres 
of the controlled- or delayedTrelease vacdne preparation arts produced by a on«tep 

process of manufacture with the potential for a very high throughput ITie end- 
produa is a free^owing powder. As a nomial though not essential component of 
the process, adjuvant is inooiparated into these microspheres in assodation with die 
ixnmunogcn, and this confers a number of advantages: 
25 (i) theimmunogenishddinaselectedconfigurationduringtiiediTingprocess, 
(li) adiuvam is available to stimulate the immune system at every pulsed release, 
(iu) durtogwviwreridence time, whilst delayedrdease polymer is unde^ 
Wodegradation, die immunogen is protected from diermal and periiaps 
en^mic denaturation by attarhmmt to a solid siq^iort. 
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In work leading to die present invention, it has surprisingly been found tiiat 
an immediate release composirion can be provided m stable, solid dry form since it 
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has been gmerally beli&M^ tfaiat^^^^^^^^^^^^^^^ffi^^^^ 

excessive and unacceptable use of s^^^^(je^C^Z aL). In acconiance with 
the fiist aspect of the present invention, however, it has been found that a stable, 

5 soUd product can be produced as a free-flowing powder by dr)dng an aluminium salt- 
adsorbed inmiunogen produced in aqueous suspension. TTie immunogen may for 
example be adsorbed on an aluminium salt adjuvant such as aluminium hydradde 
or ahuninium phosphate. Preferably, the suspension also contains a protein 
stabiliser, and suitable stabilisers include, for example, sugars and sugar derwathres 

10 such as trehalose, lactose, dextrose and glucosamine. Ihe resultant suspension is 
then dried, preferably spray-dried, to form a free flowing powder. As previously 
described it has been found that drying of such an aluminium salt-adsorbed 
immunogen does not denature the immunogen, nor does it degrade die ahmiinium 
salt adjuvant, and m fact results from preliminary Qq)eriments show that the 

15 immunogenidty of the immunogen may be enhanced in such a powder fimnulation. 

In accordance with the second embodiment of the invention, there is provided 
a process fior the manufacture of controlled- or delayed-release microencapsulated 
vacdnes. This process invohres the emnlsificadon of vaccine immunogen, preferably 

20 in association widi adjuvant, all of which comprises the aqueous phase, into a 
continuous organic phase in which die biodegradable polymer is dissohred This 
waterdn-oil emulsion is then spraytWed under suitable conditions such as to 
generate microspheres which comprise a continuous matrix of the polymer 
surrounding at least one, but preferably many, pockets of immunogen in association 

25 with adjjuvanL 



It wiU be noted diat in accordance widi this process, the emulsion which is 
formed prior to spray drying is a waterin-oB emulsion, in contrast to die oil-in-water 
emulsions which are produced in die preparation of die delayed-release vaccine 
30 cnnpositkms of the prior an mentioned above. 
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In a modification of the process just described, the microspheres may be 
produced by spnqrdrying microdroplets which comprise a suspension of miat>- 
particulate immunogen in a solution of the polymer in organic sohrent, die micro- 
particulate antigen being in a form ^ch does not dissolve in the polymer solution. 

5 ^P^ablybeingtheimmediate-releasevacdnepreparationinstablepartic^ 
form described herein. 

The vacdne preparations of the present invention are appBcable fbrusewith 
a wide variety of immunogens known in bod, human and veterinaiy vacdnes. 
10 for example tetanmto«id,diphth«^^ 

influenza virus, and the like. 

The biodegradable polymer usedindiepresent invention may be anypoljmer 
substance whidi is capableof existing inanonaqueousphase,wfaid, is biocompatible 

15 ^d^chiscapableofddayedbreakdownmvn^. Suitablepolymersindude,^^ 
example polyesters, polyorthoesters. polyanhydrides and cyanoaaylates. as weU as 
vanous mttural polymers induding some proteins ami polysacdiarides. Particularly 
smtable polymers for use in accordance with the present imrention indude 
homopolymers of D-, L- and DL-polylactic adds (D-PLA; L-PLA; DL-PIA) and 

20 polxHyoolic add (PGAX and various copolymers (PLC) diereof. Preferably, in the 
fonnation of die waternnroil emulsion, one or more emulsifiers are used, and 
smtable emulsifiers indude, for example. TS^n 80, Span 85 and various ledthins 
and ledthin-derivatives. 



25 



Suitable adjmomts for incorporation into a delayed-rdease vacdne 
preparation in accordance widi dus imrention indude not only the almninimn salt 
adjuvants previously described (aluminhmi hydnmde or almninimn phosphate), but 
also od«r particulate ami non-particulate adjmrants whidi are well known in the 

vacdnefield. Suitable atJjmrams are described, by way of example, by Cox and 
30 Cbulter, 1992. 
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Further features of the ▼accme preparations of the present inventioii and the 
processes for the preparation thereof wiU be apparent from the foUowing non- 
Umitiog Bcamples. 

5 EXAMPLEl 

Prepaiation of an Immediate-Release Tetanus Vaccm& 
aostridium tetmiwas cultured in a protein-free casein hydrolysate medhan 
for 6 dajis, at Tvhich time approximately 60 Lf/ml (in vitro flocculation units) of 
tetanus tarin had been produced. Bacterial cells and debris were removed by 
10 centrifugation then the toxin concentrated and washed on a 30,000 MW cut-off 
ultrafiltration membrane. Formaldehyde and lysine solutions were added to a final 
concentration of OJ and 0.9% w/v respectively and taxoiding was aUowed to proceed 
for 2 weeks at 37 'C The resultant laxoid was purified by ammonium sulphate 
precipitation. 

15 

Tetanus toxoid was adsorbed to the alumimum salt adjuvant (ahnninium 
hydnaide or alumimum phosphate) by slow addition of the antigen to tiie suspension 
of ahmiimum adjuvant vAuht continuously stirring. The stirring was continued 
overnight The aluminium hydroxide gel was sourced as "Alhydrogel" from Superfos, 
20 Denmadc The ahaninium phosphate gel was prepared by back titration of a 
sohition of alumimum chloride widi tri-sodium phosphate. When desired, stabiliser 
was dissolved mwater to a concentration of 50% (w/v) then added to the adsorbed 
tetanus toxoid to give the required final concentration as stated in Table 1. 

25 The aqueous suqjension of aluminium salt-adsorbed tetanus toxoid was spray- 

dried in a Drytec Compact Laboratory Spray Dryer equipped with a 40/100/120 
concentric-type nozzle at an atomising pressure of 80 psi and an oudet temperature 

of60*C The resultant microspheres had a size range around 3 lan in diameter and 
were collected as a free-flowing powder. 



30 



EXAMPLE 2 

Preparation of an immediate-release diphtheria vaccine. 
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CongKbaaavmt diphtheria was cultured in a medium incoiparadng casein 
hydrolysatt modified to have a total nitrogen content of 02% (w/v) and containing 
1^% (w/v) maltose. 

5 Seed was grown as a 24 hour surface culture in tubes then inoculated into 250 

ml -volumes in 500 ml Erlenmeycr flasks -siiiich were incubated at 35 *C for 3 days 
on a table rotating at 200 rpm. 

Toxin was clarified by filtration to rwnove baciKia, concMJtrated to 1% the 
10 original vohune by ultrafiltration (50,000 MW cut-off) then washed at that volume 
with half the original volume of PBS. Fmal purification was on a Sephadex G-lOO 
column, to a purity of 2200 Lf/mg protein nitrogen. The procedure is described in 
detail by Cox (1975). Formaldehyde and lysine solutions were added to a firxal 
concentration of 03% and 0.9% (w/v) respectively and toxoiding was allowed to 
15 proceed for 4 weeks at 37 "C. 

Di^theria toxoid was absorbed to the aluminium salt adjuvant as described 
previousfyfor tetanus toixoid, and the aqueous suspension of ahnuinium salt-absorbed 
diphtheria toxoid was spraytlried as described i^reviously (Example 1). 

20 



EXAMPLES 

Preparation of an iramedlaterrdease botalinnm C & D vaccina 
Ooandhun boadinum strains C and D were grown in a cellophanes 

25 apparanis modified fixjm Sterne (1958). Growdi mednun external to the sac was a 
modified com steep medhmi -n^uch was allowed to equilibrate with PBS within the 
dialysis sac. Seed cultures of CJtoudinum were inoculated into the PBS and 
incubated at 37 'C for 18 days under anaerobic conditions. The contents of the 
dialysis sac were then harvested, cells removed by cendifugation and fonnaldehyde 

30 to a final concentration of 0.5% (w/v) added. Toaooiding was allowed to occur at 
3TC until complete (7-14 days) dien potency was determined as described in the 
British Pbannacopoeia-Veterinaiy (1985). 
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Botulinum tcooids type C and D were mixed with QuU A (Superfos) and 
spraytiried as described previously for tetanus toxoid (Ezanqde IX 

EXAMPLE 4 

5 Preparation of Bordetella pertussis derived PTD immediate-release vaccines. 

Cultures of BordeteUa pertussis were grown in shake flasks in a modified 
Stainer and Sholte medium (Stainer & Sholte, 1970) containing 1 mg/ml 2,6 di- 
methyl p cydodexirin. The flasks were incubated at 37 'C with gentle agitation at 
180 rpm for 42 his when a cell density of around 2J0 x 10>» organisms/ml was 
10 adiieved. 



Pertussis toodn (PTX) was purified from the culwre supernatant after 
clarification by filtration. PTX was bound specifically to asialofetuin by affinity 
chromatography essentially as described bySekura etaL (1985X washed, then ehited 
15 with 50mM Tiis/4M urea buffer, pH 9.0. 

PTX was tozoided at pH 9.6 in die presence of 2.5 mM ^utaraldehyde for 48 
hrs at 4 •€ when reaction was tenninated by addition of 9 mM lysme. The method 
was essentially as described in Australian Patent Specification No. 601415 
20 (71581/87). Tlic resukant pertussis toroid (PTD) was adsorbed to the aluminram 
salt adjuvant and spray-dried as described previously. 



EXAMPLES 

Preparation of Deiayed-Rdease Tetaims Vaccine 
25 A. finulsion Procedure. 

50:50 and 85:15 copolymers of polylactide and polyglycolide (PLC) and the 
homopolymer of polyiactic add (PLA) were obtained fi-om Birmingham Polymers 
Ltd., Bi rmin g h am, Alabama, USA The copolymers were sohibilised to 10% w/v 
dissohition in either chloroform or a mix of 5 parts of trichloroediylene and 3 parts 
30 of 1,1,2-tridiIoroethane. For each of these polymer sohitions, an emulsion was 
produced as follows: 
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(a) to 93 parts of po^er solution were added 1 pan of soya Jeddim and 6 parts 
of an aqueous suspoision of aluminium salt-adsorbed tetanus tojtoid, or 

(b) to 88 parts of polymer solution were added 1 part of a 1:5 mixture of Tween 
5 80 and Span 85 and 11 parts of an aqueous suspension of aluminium salt- 
adsorbed tetanus taxoid. 

The production of the aqueous suspension of aluminium salt-adsorbed tetanus 
taxoid is described in Example 1 above. The mixture was vigorously agitated using 

10 either an ultrasonic probe or a high-speed blender (e.g. a Sikerson blender) to 
produce a stable water-in-oU emulsion with a milk-like consistency and appearance. 
This emulsion was spray-dried usmg a Drytec Compact Laboratory Si^ay Dryer 
equipped with a 40/100/120 conoentric-Qpe nozzle at an atomising pressure of 30 
psi and an outlet temperature of 35 'C The resultant microspheres had a size range 

15 around 30 lan in diameter and were collected as a free-nowing powder. Traces of 
remainmg organic solvent were removed by vacuum evaporation. A nnmber of 
pr^aratioiis wcr6 made to permit coosideradon of the following variables; • 

(a) dKrice of polymer - 50:50 PLC 

85:15 PLC 
PIA 

(b) choice oi adjuvant - aluminium hydroodde 

- aluminium phosphate 

(c) choice of stabiliser - 0, OJ and 5.0% trehalose. 



20 



25 B. Suspensian Procedure: 

Polymer solutions were prepared as described in Section A above, then 
miaospheres oi particulate immediate-release ahmiinium salt-adscxbed tetanus 
toxoid, prepared as described in Example 1, were added to a final 1% w/v 
suspension. The mhtture was agitated sufficiently to niaintain an even suspension 

30 and spray-dried as described in Section A above to a particte size around 30 pm. 
In some experiments, tetanus toroid, spray-dried to small microspheres but in the 
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1. An immediate-release vacdnc preparation in stable particalate form, 
comprising an immnnogen adsorbed to an I 



2. A vaccine preparation of claim 1, wherein said aluminimn salt adjuvant is 

iW^^^^j^riteM^ alum - : : 

3. A vaccine preparadon of claim 1 further comprising ii| 

4. A vaccine preparation of claim 3, wherein said stabiliser is ^ 
derivative. 

5. A vaccine preparatio|v<5f claim 4 wherein said stabiliser is selected from the 
group consisting of t^^ll^^^l^^^^,^^ 

6. A vaccine preparation of daim 1, wherein said particulate fonn is a free 
flowing powder. 

7. A method for the production of a vaccine preparation of claim 1, which 
comprises the steps of forming an aqueous suspension of aluminium salt-adsorbed 
immunogen, and subsequently ^^^^^S^g^^$0f^^om 

8. A controlled- or delayed-rclease vaccine i^eparation in stable particulate 
fonn, said partides being mioospherical partides comprising a continuous matrix of 
biodegradable po^rawr comaining discrete, immunogen-contain^ 

9. A vaccine preparation of dahn 8, wherein said immunogen-containing regions 
also comprise an ad|uvanL 

10. A vaccine preparation of daim 8, wherein said immunogen-containing rc^ 
contain partides comprising an immunogen adsorbed to an aluminium salt adjuvant 
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11. A vaccine preparation of claim 8, \rfierein said biodegradable polymer is 
selected from the group consisting of l^^^^aiSf^j^^jw^^ and 
copolymers thereof. 

12. A method for the production of a vaccine preparation of claim 8, \^ch 

comprises the steps of forming an emulsion of an aqueous suspension comprising 

ixnmunogen and optionally an adjuvant in a continuous organic phase having 

biodegradable polymer dissolved therein, and subsequendy spray-drying U^^ 
oil emulsion to form micrbspherical particles. 

13. A method of claim 12, Tvfaerein said emulsion includes an emuJsifier. 

14. A method for the production of a vaccine preparation of daim 8, which 
comprises the steps of forming a suspension of a particulate immunogcn-containing 
material and optionally an adjuvant in a continuous organic phase having 
biodegradable polymer dissolved therein, and subsequenUy qpray-diying the 
suspension to form microspherical particles. 

15. Amethodof claim 14, -wherein the particulate immunogen^containing material 
comprises an immunogen adsorbed to an aluminium salt adjuvant. 

16. A vacdne composition comprising at least one immediate-release vacdne 
preparation of aiiy of daims 1 to 6, togedier vdth a pharmaceutically or vcteiinarily 
accqytable carrier or dihient. 

17. A vacdne composition comprising at least one controlled or delayed-release 
vacdne preparation of any of daims 8 to 11, together witii a pharmaceutically or 
veterinarily acceptable carrier or diluent. 



18» A vacdne composition of daim 17 further comprising at least one immediate- 
rdease vacdne preparation in stable particulate form. 
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19. A vaodne composition of daim 18, Tvherein said immediate-release vaccine 
preparation comprises an immunogen adsorbed to an aluminium salt adjuvanL 

20. A vaccine composition of any of daims 16 to 19 in a form suitable for 
parental administration. 

21. A vaccine composition of any of daims 16 to 20, Therein said carrier is a 
solid carrier and said vaccine composition is in the fonn of a solid pellet or implant 



22. A method of vaccinating a human or other animal patient, \rtiidi comprises 
administration to the patient of a vaccine composition of any of daims 16 to 21. 
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AMENDED CUinS 

[received by the International Bureau on 26 April 1994 (26.04.94); 
original claims 1 and 8 amended; remaining claims unchanged (1 page)] 



1. (AmendecQ 
prepared by 



An immediate-release vaccine preparation in stable particulate fonn 




2. A vaccine preparation of claim 1, wherein said aluminium salt adjuvant is aluminium 
hydroxide or ahmunium phosphate. 

3. A vaccine preparation of claim 1 further comprising a protein stabiliser. 

4. A vaccine ]veparation of claim 3, wherein said stabiliser is a sugar or sugar derivative. 

5. A vaccine preparation of claim 4 wherein said stabiliser is selected from the group 
consisting of trehalose, lactose, dextrose and glucosamine. 

6. A vaccine preparation of claim 1, wherein said particulate form is a free flowing powder. 

7. A method for the production of a vaccme preparation of claim 1, which comprises the 
steps of forming an aqueous suspension of aluminiimi salt-adsorbed inmiimogen, and 
subsequently spray-drying said suspension. 



8. (Ammded) 
particulate form. 



A controlled- or delayed-release vaccine preparation in stable 
id particles being i^g^^^^^^di^l^ pt^^e4^by s^ 




9. A vaccine preparation of claim 8, wherein said immunogen-containingj 



10- A vaccine prq>aradon of claim 8, wherein said inununogen-containing regions 

contain pardcles comprising an immunogen adsorbed to an aluminium salt adjuvant 



AMENDED SHEET (ARTICLE 19) 



INTERNATIONAL SEARCH REPORT 



iDtexitttional applicatioa No. 
PCT/AU 93/00677 



A. CLASSinCATION OF SUBJECT MATTER 

Im. CL^ A61K 39/39, 39/08, 39/10. 39/05, 47/48 

Accoiding to hrtemarional Puoit Clajsificfttioa (IPC) or to both oaiioiua dawificatbn and IPC 
b! HELDS SEARCHED ~~ 



Minimum documeDiatioo searched (chssification system followed by classificadon symbols) 
IPC^ A61k 39/39 
CHEMICAL ABSTRACTS 



Docwneatation searched other than muumum doeomeotatioii to the extent that such docvmentt are inchtded in the fields searched 



Electronic data base consulted during the intematiooal search (name of data base, and where practicable, search terms used) 
DERWENT FILE WPAT; A61K/IC ALUM:(S) ADJUV:, TETAN:, DIPHTHER:, BOTULIN:, BORDATELLAO 
PERTUSSIS; FILECASM 



MEDLINE DATABASE. 
BIOSIS; CODED SEARCH 


C. 


DOCUMENTS CONSIDERED TO BE RELEVANT 




Category* 


Citation of document, with indicatioik, where •pptvpriate* of the rdevant passage 


Rderant to Cl^ No. 


X 


AU,A, 41876/89 flHE AUSTRALIAN NATIONAL UNIVERSITY) 23 March 
1990 (23.03.90) 

see pages 6-8, claims 1-5 in particular 


1-2, 6, 8-9 


X 


AU,A. 29557/89 (MICROGENESYS, INQ 3 August 1989 (03.08.89) 
see Example 9 in particular 


1-2, 6, 16, 20-22 


P,X 


US 5242686 (Om et al.) 7 September 1993 (07.09.93) Priority Date 7 November 
1990(07.11.90) 

see cohmm 7, line 7-cohima 8, line 14 


1-2, 6-22 



I X I Further documents are listed 
*— ' in the continuation of Box C. 



I X I See patent &mily annex. 



Special categories of cited documents : 



•A- 

L" 

"O" 
P- 



ument defining the eeoeitl state of the art which is 
not considexed to oeofputicular relevance 
earlier document but piiolished on or after the 
intematiooal filing date 

document which may throw doubts on priority claim(s) 
or which is cited to establish the pubEcatiDD oato of 
another dtation or other special reason (as necified) 
documeiit referring to an oral disclosure, use, 
exhibition or other means 

document published prior to the international fifing date 
but later than the priority date claimed 



beer document pubhshed after the international 
filing date or j>noxiiy date and not in conflict 
with the apphcation out cited to understand the 
principle or theory tmderlying the invention 
pocument of particular relevance; the claimed 
mvention cannot be considered novel or cannot be 
considered to involve an inventive tbep when the 
document is taken alone 
document of particular relevance; the claimed 
invention cannot be considered to involve an 
inventive step when the document is combined 
with one or more other such documents, such 
combination being obvious to a person slalled in . 
the art 

document member of the same patent family 



Date of the actual completion of the intematioiial seareh 
10 March 1994 (10.03.94) 


Date of nuf 


iog of the international search report . 

arch m4(l&.03.^4-\ 


Name and mailing address of the ISA/AU 

AUSTRAUAN INDUSTRIAL PROPERTY ORGANISATION 
PO BOX 200 
WODEN ACT 2606 
AUSTRAUA 

Facsimile No. 06 2853929 
rorro l/lSAj'ilU (conbmsabon ak Kni sheet nW iJuIv 19471 co 


Authorized officer 
HiLAM£ 

Telephone No. (06) 2832253 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/AU 93/00677 



C(CootuiuatioD). 



DOCUMENTS CONSIDERED TO BE RELEVANT 



CaationofdDoimeot, with indieatioii* where ippropriate of the releraot passages Relenot to Claim No. 



CH,A5, 645270 (SCHWEIZERISCHES SERUMUND JMPHNSTTTUT, BERN) 
28 Sqrtember 1984 (28.09.84) 
see entire document 



1-2 



INTERNATIONAL SEARCH REPORT 



Inteniational appBcatWD No, 
PCr/AU93/0D«77 



Box I Obserratioiis where certais ckims were found oasesrcbable (Continuation of Item 1 of Tirst sheet) 

This imenutbnal search report has not established in respect of certain claims voder Aftxcle 17(2)(a) for the following reasons: 

1- I — I Chmu Nos,: 

I I because ihej relate to subject matter not lequiied to be searebed by this Authority, namely: 



3. 



□ Claim Nos.: 
~^!k^i*^I^'**^ ^UH^ ^^^^ intepatiwMl application that do not comply with the 
cSSd wt^pSS^ " meamngfal iatcmational s&rcb can be 



□ Claims Nos.: 
SSfratelte^*)!*^ ■«« •« not «tated m «ceoitdanee wW, Ike second .od 



Box II Obscrratioaa where onky of iuTcntioa is lacking (Contiauatioii of item 2 of first sheet) 
This Intemational Seazchiog Authority foood multiple inventions in this international application, as follows: 
I Claims 1-7, 10, 15-22: Vaccines characterized by an alummiumsalt adjuvant, methods of preparatioa. 
n aaims 8-9, 11-14: Vacctnes chasacterized by biodegndabie polyiiier microspherical particles. 



1. 
2. 
3. 



□ 
S 
□ 



sn^^kdumT by the api^icant, this inteniational 



report coven 



As only, some of the 
intcnutiooaJ search ' 



claims Nos.: 



□ No required additional search fiscal^ Conseouemlv this 



Remark on Protest 



I I Tbc additional semfa iees were accomptnied by the applicant's protest 
I I No protest acGon^Nuiied the payment ofaddidonal search fees. 



Form PCT/KAaiO (continuation of first sheet(l))(July 1952) copbko 



D«BINAT10NAL SEARCH REPORT 

IntDfnuttononpBiemiiuniljr mem. Intenuitbnal appBeatbn No. 

PCT/AU 93/00677 





Patent Document 
Cited in Search 








Patent Family Member 




AU 


41876/89 


EP 


431023 


JP 


4501105 WO 


9001949 I 


AU 


29557/89 


AU 
IL 


25206/92 
89118 


BR 
JP 


8900515 EP 
2203793 ZA 


327180 1 
8900862 1 


US 


5242686 












CH 


645270 













Foim PCT/lSA/210(pateiit family annex)(Iuly 1992) copbko 



END OF ANNEX 



